The topographical distribution of the intrinsic membrane proteins of the endoplasmic reticulum can be investigated by the use of proteolytic enzymes (Nilsson & Dallner, 1977) . Since these enzymes cannot penetrate the intact phospholipid bilayer (Ito & Sato, 1969; Nilsson & Dallner, 1977; Nilsson et al., 1978; Craft et al., 1979a) , only those proteins with susceptible bonds exposed on the outer cytosolic face of the vesicles are subject to degradation. However, vesicles can be made permeable to proteinases by treatment with low concentrations of deoxycholate (Kreibich et al., 1973) or by dis-* Present address: Department of Biology, Glasgow College of Technology, Cowcaddens Road. Glasgow, Scotland, U.K. ruption by sonication. In this way it has been shown that the enzymatic activities associated with cytochrome b5 and NADPH-cytochrome c reductase are located on the cytosolic face of the membranes, whereas glucose-6-phosphatase is positioned on the inner luminal face (Nilsson & Dallner, 1977) .
The electron-transport chain of the mixed function oxygenase of the endoplasmic reticulum is composed of the flavoprotein, NADPH-cytochrome P-450 (cytochrome c) reductase (EC 1.6.2.4), and cytochrome P-450. Experiments involving reconstitution of the system from isolated components have shown that electron transfer requires the presence of phospholipids (Strobel et al., 1970) . The mixed-function oxygenase is enzymatically active towards a wide range of xenobiotics and naturally occurring compounds such as steroids (Kuntzman, 1969; Gillette et al., 1972) .
The reductase enzyme can utilize cytochrome c as terminal electron acceptor and is often referred to as NADPH-cytochrome c reductase (Phillips & Langdon. 1962) . It has been demonstrated that cytochrome P-450. NADPH-cytochrome c reductase and the drug-metabolizing activities of microsomes are induced by the administration of substances such as phenobarbitone to animals (Ernster & Orrenius, 1965 : Rees. 1979 ). In addition, immunochemical studies have shown that antibodies raised to purified NADPH-cytochrome c reductase are effective inhibitors of microsomal NADPH-linked drug hydroxylations (Masters et al., 1971) . It now seems clear from studies with the reconstituted electron transport chain with purified cytochrome P-450 and NADPH-cytochrome c reductase that cytochrome P-450 is the natural electron acceptor for the NADPH-cytochrome c reductase (Lu et al., 1969; Strobel & Coon, 1971; Vermilion et al., 1974) . Cytochrome P-450 exists in multiple forms differing in molecular weight and substrate specificity (Haugen et al., 1975; Bergman & Dallner, 1976; Coon et al., 1976; .
We have investigated the distribution of both the cytochrome and its associated reductase in vesicles from smooth endoplasmic reticulum by digestion with trypsin, which degrades accessible cytochrome P-450 to a catalytically inactive form that is spectrally distinguishable as cytochrome P-420.
Materials and methods Animals
Male Sprague-Dawley rats weighing 200 g and permitted food and water ad libitum were used in this study. Sodium phenobarbitone in aqueous 0.9% NaCl was administered as five successive daily single intraperitoneal injections each of 40mg/kg body wt., before killing the animals on the sixth day. Control animals received an identical injection protocol with an equivalent volume of saline. Preparation of smooth endoplasmic reticulum and trypsin treatment
Vesicles from smooth endoplasmic reticulum were prepared from the liver as previously described (Blyth et al., 1971 Masters et al. (1975) 1. The membrane pellet was resuspended in a solution containing MgCl2 (5mM), KCl (50mM) and Tris (50mM), pH 7.5 at 200 C, and the suspension was assayed for.
the various enzymes detailed in the text.
Enzyme assays
Cytochrome P-450 content was determined by the spectral method of Omura & Sato (1964) . Approx. 1 mg of membrane protein in 1 ml of a solution containing sucrose (0.25 M), MgCI2 (5 mM), KCl (25 mM), EDTA (1 mM) and Tris (50mM), pH 7.5 at 200C, was placed into each of two 1 ml glass spectrophotometer cuvettes. The contents of one cuvette were saturated with CO and a baseline spectrum was drawn from 400 to 500 nm. A few crystals of sodium dithionite were then added to each cuvette and dissolved, and the spectrum was rescanned. The concentration of cytochrome P-450 present was calculated, assuming the difference 6450 -6490 to be 91 mM-' . cm-'. Measurements were made with a Unicam SP.8000 spectrophotometer by using the sample compartment close to the photomultiplier. Alternatively, the integrity of the electron transport chain was examined by reduction of cytochrome P-450 with NADPH (Orrenius et al., 1969) . This was carried out in the same manner as the dithionite reduction of cytochrome P-450 with the exception that NADPH was added to both cuvettes to a final concentration of 0.1 mm in place of the sodium dithionite.
NADPH-cytochrome P-450 (cytochrome c) reductase was assayed by the method of Phillips & Langdon (1962) with cytochrome c as terminal electron acceptor. Incubations (1 ml) were carried out in glass cuvettes at 300C in a medium (pH 7.5) containing sodium phosphate (0.1 M), EDTA (1 mM), cytochrome c (40,UM), KCN (0.5 mM) and 120,ug of microsomal protein. The reaction was initiated by the addition of NADPH to a final concentration of 0.1 mM. The reduction of cytochrome c was followed at 550 nm and under these conditions the progress curves were linear for up to 5 min.
NADH-cytochrome c reductase (EC 1.6.99.3) was assayed by the method of Dallner et al. (1966) . Glucose-6-phosphatase (EC 3.1.3.9) was determined by the method of Leskes et al. (1971) . Xanthine oxidase (EC 1.2.3.2) was assayed by the method of Fridovich (1962) . Superoxide production was monitored by the oxidation of adrenalin to adrenochrome at pH 7.5 (Mazur et al., 1956; Aust et al., 1972) .
General methods and chemicals
Protein was determined by the method of Lowry et al. (1951) . Phospholipid was extracted by the method of Folch et al. (1957) and its phosphorus content was determined as described by Chen et al. (1956) . Sodium dodecyl sulphate/polyacrylamidegel electrophoresis was carried out by the method of Laemmli (1970 
Results
Effects of trypsin on enzyme activities of the smooth endoplasmic reticulum in non-induced rats When vesicles from smooth membrane are incubated with trypsin, their appearance in the electron microscope is unchanged except for a small apparent decrease in size. Trypsin treatment degrades only those proteins on the outer cytosolic face of the membranes, in the absence of detergent. The luminally facing protein glucose-6-phosphatase is unaffected (Fig. 1) . The phospholipid bilayer is thus maintained as a permeability barrier to macromolecules. The content of cytochrome P-450, as detectable spectrally by reduction with dithionite in the presence of CO, decreases to approx. 50% of that of the control membranes ( Fig. 1) on treatment with trypsin. Proteinase denaturation of cytochrome P-450 is characterized by a decrease in the absorption of the CO complex at 450nm with a stoichiometric and concomitant increase in absorption of the enzymically inactive cytochrome at 420nm. The effect of the proteinase is thus not to lower the absorption coefficient of the cytochrome. In the presence of 0.05% sodium deoxycholate, which renders the phospholipid bilayer permeable to macromolecules without releasing membrane components (Kreibich et al., 1973) , the spectrally detectable cytochrome P-450 content is further decreased to approx. 20% of its initial value. This further decrease is not observed if soya bean trypsin inhibitor is added to the incubation before the addition of deoxycholate. Fig. 1 P450, glucose-6-phosphatase and NADH-cytochrome c reductase of the smooth endoplasmic reticulum in non-induced rats Vesicles from smooth endoplasmic reticulum at a protein concentration of 1.8 mg/ml were incubated with trypsin (50kug/mg of membrane protein) or alone (controls) as detailed in the Materials and methods section. After 45 min incubation, sodium deoxycholate was added to a final concentration of 0.05%. Aliquots were withdrawn at the time intervals indicated, soya bean trypsin inhibitor (2mg/mg of trypsin) was added and assays were performed for the above enzymes. *, Zero-time level for all assays (=100%); *, cytochrome P-450 content of incubation without trypsin (control); 0, cytochrome P-450 content of incubation with trypsin; A, cytochrome P450 content of incubation with trypsin but without deoxycholate; U, cytochrome P-450 content of incubation with trypsin; at 45 min soya bean trypsin inhibitor (2 mg/ mg of trypsin) was added immediately before the addition of deoxycholate; O, glucose-6-phosphatase activity of incubation with trypsin; A, NADHcytochrome c reductase activity of incubation with trypsin. The Figure contains the average of data from four separate experiments. In no case did the individual value obtained vary by more than +5% of that given. Cytochrome P-450 was determined by dithionite reduction. A cytochrome P-450 content of 100% represents 68pmol of cytochrome P-450/pg of lipid P. additional to rendering the phospholipid bilayer permeable to macromolecules could be involved.
To examine this possibility, smooth endoplasmic reticulum was incubated with trypsin, as described, until the cytochrome P-450 content was lowered to a constant level. The membranes were then disrupted by sonication for 1 min at 0°C to introduce the trypsin into the lumen of the vesicles. As shown in Fig Effects of trvpsin treatment on the activities of cvtochrome P-450 and glucose-6-phosphatase of the smooth endoplasmic reticulum before and after ultrasonication treatment in non-induced rats Vesicles from smooth endoplasmic reticulum were incubated with trypsin or alone (controls) as described in the Materials and methods section. After 45 min the incubation mixtures were ultrasonicated for min at 00C and the reaction was allowed to proceed. Aliquots were withdrawn, soya bean trypsin inhibitor (2mg/mg of trypsin) was added and assays were performed for cytochrome P-450 and glucose-6-phosphatase. *, Zero-time level for all assays (=100%); *, cytochrome P-450 content of incubation without trypsin; 0, cytochrome P-450 content of incubation with trypsin; A, cytochrome P-450 content of incubation with trypsin, but without any addition of deoxycholate; U cytochrome P-450 incubated with trypsin, at 45min trypsin inhibitor (2mg/mg of trypsin) was added immediately before ultrasonication; O, glucose-6-phosphatase activity of incubation with trypsin: A, glucose-6-phosphatase activities in the presence of trypsin, at 45min trypsin inhibitor (2mg/mg of trypsin) was added immediately before ultrasonication. The Figure contains the average of data from four separate experiments. In no case did the individual value obtained vary by more than +5% of that given. Cytochrome P-450 was determined by the dithionite reduction method. A cytochrome P-450 content of 100% represents 68pmol/ ,ug of lipid P.
Membrane locus of phenobarbitone-induced cytochrome P-450
The distribution of the cytochrome P-450 variant induced by sodium phenobarbitone was examined by its susceptibility to trypsin digestion as described above. The results are shown in Table 1 . In contrast with control animals, approx. 80% of the cytochrome P-450 is iost by the trypsin treatment. The amount of cytochrome P-450 remaining after trypsin treatment is similar in contro! and phenobarbitone-treated animals. It seems, therefore, that the cytochrome P-450 in the induced animals is located on the cytosolic face of the smooth membranes. Fig. 3 shows sodium dodecyl sulphate/polyacrylamide-gel electrophoretograms of membrane proteins from control and sodium phenobarbitonetreated animals before and after trypsin digestion. In the smooth endoplasmic reticulum of control animals three major cytochrome P-450 bands can be observed of mol.wts. 52000, 49000 and 47000 respectively. These bands were characterized as haemoproteins by staining for residual peroxidase activity (Welton & Aust, 1974) and by comparison of the bands with those of highly purified preparation of cytochrome P-450 (Craft et al., 1978 (Craft et al., , 1979b . After trypsin treatment, the variant of mol.wt. 49000 is almost totally abolished and that of mol.wt. 52000 is present in decreased amount. Membranes from sodium phenobarbitonetreated animals appear to contain the same three cytochrome P-450 variants as are present in the control membranes, but in stoichiometrically different amounts. The species of mol.wt. 52000 is present in increased quantities and after trypsin treatment is greatly diminished. These observations suggest that the phenobarbitone-induced cytochrome P-450 variant is sited at a locus on the cytosolic face of the reticulum, and is of mol.wt. 52000. The possibility that other phenobarbitoneinducible proteins, with the same electrophoretic mobility as the cytochrome P-450 species, are present on the gels cannot be conclusively eliminated. Asymmetric distribution of NADPH-cytochrome P-450 (cytochrome c) reductase in the transverse plane ofthe membrane in non-induced rats NADPH-cytochrome P-450 (cytochrome c) reductase has been reported to be located on the cytosolic face of the membrane (Orrenius et al., 1969; Nilsson & Dallner, 1977) . Trypsin treatment of the membranes releases a fragment that has catalytic activity for the oxidation of NADPH but cannot participate in the transfer of electrons to cytochrome P-450 (Masters et al., 1975) . However, as shown in Fig. 4 , when the membrane fraction is separated from the tryptic fragments, some reduct-I --I Table 1 . Cytochrome P-450 contents of vesicles from smooth membranes from control and phenobarbitone-treated rats were incubated in the presence oftrypsin and deoxycholate Vesicles from smooth membranes were prepared from phenobarbitone-treated and control animals and cytochrome P-450 was determined by dithionite reduction as detailed in the Materials and methods section. Membrane was incubated with trypsin under the conditions described in that section. After 45min of incubation, an aliquot was withdrawn, treated with soya bean trypsin inhibitor (2mg/mg of trypsin) and its cytochrome P-450 content was determined. Deoxycholate was then added to the incubations to a final concentration of 0.05% and, after 45 min further incubation, aliquots were withdrawn and treated as previously; The results show the means (+ S.D.) from four separate experiments. (Fig. 4) .
Effects of trypsin on the microsomal mixed-function oxygenase electron-transport chain Cytochrome P-450 can be reduced chemically by sodium dithionite (Omura & Sato, 1964) or enzymatically by NADPH-cytochrome P-450 (cytochrome c) reductase in the presence of NADPH (Mason et al., 1965; Orrenius et al., 1969) to give the form that binds CO with an absorption peak at 450nm. As shown in Table 2 with the membrane phospholipids, disrupts the coupling of NADPH-cytochrome P-450 reductase and cytochrome P-450. Ultrasonication treatment should introduce NADPH to the inside of the vesicles. However, this procedure caused very little reduction of the putative, cisternally located cytochrome P-450 (results not shown). The reason may be that only short exposure (1 min) to ultrasonics is possible because extended treatment causes conversion of cytochrome P-450 into the denatured P-420 form.
Involvement of superoxide in the reduction of cytochrome P-450 It has been reported that, in a reconstituted cytochrome P-450 hydroxylation system, superoxide may be involved in the metabolism of benzphetamine and ethylmorphine (Strobel & Coon, 1971) . Superoxide can be generated conveniently by the reaction between xanthine and xanthine oxidase (Fridovich & Handler, 1958; Strobel & Coon, 1971) . We have investigated the effects of superoxide on the enzymic reduction of cytochrome P-450. In Fig. 5 it can be seen that, after reduction of cytochrome P-450 with NADPH, the addition of a superoxide-generating system causes the appearance of a further increment of cytochrome P-450. The amount of cytochrome P-450 measurable by treatment with NADPH and a superoxide-generating system is the same as that produced by dithionite reduction. In the absence of NADPH, but in the presence of the xanthine/xanthine oxidase superoxide-generating system, no reduction at -all of cytochrome P-450 could be detected.
The reduction observed could have been due to a factor derived from either the substrate, enzyme or the other products of the superoxide-generating system rather than superoxide per se. These possi- Fig. 3 . Electrophoretic separation of membrane proteins from membranes from control and phenobarbitone-induced rats, both before and after trypsin digestion ofthe cytosolic-facing proteins Sodium dodecyl sulphate/polyacrylamide-gel electrophoresis was carried out by the method of Laemmii (1970), with a 3% (w/v) acrylamide stacking gel, pH6.8, and 10% (w/v) acrylamide separation gel, pH 8.8. Samples were run into the gels for 1 h at 1OmA/gel and then were electrophoresed for 4h at 30mA/gel, constant current. Each sample is derived from a quantity of membrane containing 0.6,ug of lipid P. Membranes were treated with trypsin as described in the Materials and methods section. (a) Control smooth membrane treated with trypsin; (b) control smooth membranes not treated with trypsin; (c) phenobarbitone-induced smooth membrane treated with trypsin: (d) phenobarbitone-induced smooth membrane not treated with trypsin. The gels were calibrated for molecular weight by electrophoresis, on the same slab gel, of a mixture of purified proteins which migrated to the positions indicated: 1, phosphorylase A (mol.wt. 94000); 2, bovine serum albumin (mol.wt. 66000): 3, pyruvate kinase (mol.wt. 57000); 4, ovalbumin (mol.wt. 44000); 5, alcohol dehydrogenase (mol.wt. 41000). xanthine/xanthine oxidase system. It was not produced by the reaction products, H202 and uric acid, and its production was inhibited by superoxide dismutase. These observations strongly suggest that the superoxide ion is the active species involved in this further reduction process. However, although the above data clearly implicate the superoxide ion in the reduction of cytochrome P-450, any involvement of NADPH-cytochrome P-450 reductase in the process is conjectural. The organic mercurial, mersalyl, is a potent inhibitor of NADPH-cytochrome P-450 reductase (Franklin & Estabrook, 1971 The smooth membrane vesicles were prepared from non-induced rats. The CO-binding spectrum of cytochrome P-450 was determined as described in the Materials and methods section. After addition of NADPH to the cuvettes. the component or product indicated was added, at the concentrations indicated, to both cuvettes. After 5min incubation, or when any increase in absorbance at 450nm ceased to occur, the spectrum was scanned again. Effects of trypsin on the superoxide-induced reduction ofcytochrome P-450 After trypsin treatment of smooth endoplasmic reticulum as outlined in the Materials and methods section, no cytochrome P-450 could be detected by reduction with NADPH. It was of interest to determine whether reduction could be accomplished by NADPH in the presence of superoxide. As shown in Table 4 , under conditions where superoxide totally reduced cytochrome P-450 in control membranes, no reduction of the cytochrome in trypsin-treated membranes was observed. This would and by a superoxide-generating system The spectrum of the CO complex of reduced cytochrome P-450 was determined with NADPH as reductant as described in the Materials and methods section. Further additions of NADPH caused no extra reduction. Xanthine oxidase (0.1 mg) was then added to each cuvette followed by the addition of xanthine, to a final concentration of 2 mm. After an incubation period of 5min at 250C, or when the absorbance at 450nm had ceased to increase, the spectrum was again scanned. A few crystals of sodium dithionite were then added to each cuvette to determine the total cytochrome P-450 content. (a) Baseline spectrum; (b) CO-binding spectrum after reduction with NADPH; (c) CO-binding spectrum after reduction with the superoxide-generating system; (d) CO-binding spectrum after reduction with sodium dithionite.
suggest the involvement in the reduction of cisternally located cytochrome P-450 of a trypsinsensitive factor on the cytosolic face of the vesicles.
Discussion
Membrane proteins are asymmetrically distributed in the transverse plane of the phospholipid bilayer, as indicated by their varying susceptibilities to enzymatic proteolysis. The topology of xenobiotically induced enzymes in smooth endoplasmic reticulum is of great interest due to the extensive proliferation that this organelle exhibits on induction. Our data confirm the previous report (Nilsson & Dallner, 1977) that, as in total microsomes, glucose-6-phosphatase is sited at a locus on the inner luminal (cisternal) face of vesicles from the endoplasmic reticulum. In contrast, NADH-cytochrome c reductase is confirmed to be located on the outer cytosolic face of the reticulum (Takesue & Omura, 1968; Ito, 1973) . The distribution of cytochrome P-450 has been examined (Nilsson & Dallner, 1977; Nilsson et al., 1978) and the reported trypsin resistance of a species of cytochrome P-450 has been used as the basis of a method for its purification (Welton et al., 1975) . The results presented in the present paper suggest the existence of two, and possibly three, different loci for cytochrome P-450 in reticular membranes. The first locus is the exposed cytosolic face of the membranes. Amongst the variants of the cytochrome so located are those of mol.wts. 49000 and 52000, the latter being the variant induced by phenobarbitone. The second locus for the cytochrome is on the luminal face of the endoplasmic reticulum. The variants present in this location are not induced by phenobarbitone. Some molecules of cytochrome P-450 can still be detected when proteins on both the luminal and cytosolic faces of membrane vesicles are digested by trypsin. This suggests that a third possible location for the cytochrome, embedded in the phospholipid bilayer, may exist. However, it is equally possible that one of the variants of cytochrome P-450 on either side of the membrane may have no bonds exposed that are susceptible to tryptic digestion.
When trypsin is introduced to the vesicle lumen by ultrasonication in the absence of detergent, the same pattern of cytochrome P-450 degradation is observed as in the presence of sodium deoxycholate. It would thus seem unlikely that the effect of sodium deoxycholate is to make available sites for the action of trypsin on cytochrome P-450 molecules on the cytosolic face of the reticulum that are ordinarily refractory to trypsin. A report (Nilsson et al., 1978) has suggested that cytochrome P-450 is solely located on the cytosolic face of the microsomes. By performing the digestion of proteins of the cytosolic face of total microsomes with trypsin plus a non-specific bacterial proteinase it is claimed that destruction of 90% of the cytochrome is achieved. When either enzyme alone is used, only 50% of the cytochrome is susceptible to proteolysis. Confirmation of their observation was suggested by the fact that an agent capable of inactivating cytochrome P450, but not of traversing the phospholipid bilayer, also caused the loss of the majority of the cytochrome. However, it is difficult to explain why a totally non-specific proteinase should behave in a different fashion when used in the presence of trypsin. The possibility of damage to the phospholipid bilayer by processes such as accelerated lipid peroxidation or phospholipase activation cannot be ruled out. Such damage could render the microsomal vesicles leaky and permeable to macromolecules. Indeed this is suggested by the fact that approx. 20% of the cisternally located glucose-6-phosphatase is labile to their treatments. The different metabolic state of the animals used, and the fact that we have used smooth endoplasmic reticulum rather than total microsomes, might also have a bearing on the discrepancy between our conclusions and those of Nilsson et al. (1978) .
The finding that the cytochrome P-450 variant induced by sodium phenobarbitone resides on the cytosolic face of the reticulum is at variance with a report (Welton et al., 1975) claiming the purification of the cytochrome P-450 species induced by phenobarbitone as a protein of mol.wt. 45 000 totally resistant to trypsin. However, since these workers purified cytochrome P-450 as the catalytically inactive form, cytochrome P-420, the possibility cannot be eliminated that their 'purified' preparation consisted largely of material partially degraded by proteolysis. This, coupled with the different electrophoretic system of analysis used, could explain the discrepancy observed in the molecular weights. Recent reports have demonstrated that a portion of newly biosynthesized cytochrome P-450 is translocated from the bound ribosomes across the membrane to the luminal contents (Craft et al., 1978 (Craft et al., , 1979a in contrast with the majority, which remains closely associated with the membrane. It is possible that these translocated species are destined for ultimate insertion into the membrane at a luminal-facing site.
The flavoprotein NADPH-cytochrome P-450 (cytochrome c) reductase, is necessary for the catalytic activity of cytochrome P-450. We have investigated the presence of this enzyme in membranes subjected to trypsin treatment. The low amounts of reductase activity observed after treatment of the membrane with trypsin are greatly enhanced by sodium deoxycholate at concentrations high enough to make the vesicles permeable to macromolecules, such as cytochrome c, and NADPH which otherwise cannot traverse the phospholipid bilayer. Furthermore, the activity present in untreated membrane can be also enhanced. This suggests that the NADPH-cytochrome P-450 (cytochrome c) reductase is also asymmetrically distributed across the transverse plane of the membrane and that a locus exists on both the cytosolic and luminal faces.
It is of interest to note that NADPH-cytochrome P-450 reductase has been reported to exist in two forms of different molecular weight (Coon et al., 1977) . Our finding that, under the conditions used, only 44% of the total cytochrome P-450 (detectable by dithionite reduction) can be directly reduced by NADPH appears to be at variance with the communication of Peterson et al. (1976) in which they report the almost total reduction of the cytochrome by NADPH. However, full details of the conditions that they employed are not given and it is not possible to resolve this discrepancy between their observations and our results. In contrast, other data (Mason et al., 1965) has been presented, which, consistent with our observations, show a similar partial reduction of cytochrome P-450 by NADPH as compared with the cytochrome reducible by dithionite. We have demonstrated that the oxidized cytochrome P-450 remaining after treatment with NADPH can be reduced in the presence of a superoxide-generating system.
Since we demonstrate that cytochrome P-450 is asymmetrically distributed in the transverse plane of the membrane, it would seem reasonable to suggest that the cytochrome P-450 reducible by dithionite but not by NADPH is either located on the luminal face of the reticulum or is embedded in the phospholipid bilayer. It is this population of cytochrome P-450 that requires the presence of superoxide for reduction in the presence of NADPH. This superoxide-dependent reduction of cytochrome P-450 requires the presence of active NADPHcytochrome P-450 (cytochrome c) reductase Under the conditions employed, we have not been able to detect direct reduction of cytochrome P-450 by the superoxide ion. This finding differs from a previous report (Strobel & Coon, 1971) , in which, by using a reconstituted system, the requirement for NADPH in the hydroxylation of benzphetamine and ethylmorphine could be replaced by superoxide. In the native membranes that we have used, no direct reduction can be detected. The apparent discrepancy could be due to a variety of factors involved in the reconstituted system. It is interesting to note that Strobel & Coon (1971) used a proteinase-solubilized preparation of the reductase in their reconstituted system and others have recently reported that such preparations cannot participate in the metabolism of substrates by a reconstituted cytochrome P-450-dependent system (Masters et al., 1975) . Vol. 190 The mechanism of action of superoxide in the NADPH-mediated reduction of cytochrome P-450 cannot at present be defined in molecular terms. Some reduction of cytochrome P-450 can also be achieved by superoxide in the presence of NADP+ (results not shown). Thus superoxide reduction requires the presence of either the oxidized or the reduced form of NADP. There is the further possibility that superoxide may cause damage to the membrane vesicles, rendering them permeable to reagents. Further work is needed to elucidate this system.
